Immunoglobulin A nephropathy (IgAN) is the most frequent pathological diagnosis of tuberculosis (TB)-associated glomerulonephritis. Diagnosing TB-associated IgAN (TB-IgAN) is difficult because of its non-specific and insidious symptoms. An inaccurate diagnosis of TB-IgAN could result in the spread of TB and reduced renal function. Haematuria and proteinuria in conjunction with TB should be assessed because of the potential for diagnosis of IgAN. Renal biopsy is important in securing an accurate diagnosis prior to initiating treatment. Detection of Mycobacterium tuberculosis DNA and assessment of early secreted antigenic target of 6 kDa in renal biopsy tissues may have great potential diagnostic value in patients with TB-IgAN. Anti-TB therapy can effectively alleviate TB and TB-IgAN.
Introduction
Immunoglobulin A nephropathy (IgAN) refers to a set of clinical syndromes with IgA immune complex deposition in mesangial areas and (or) capillary loops. This condition is accompanied by varying degrees of mesangial cell and mesangial matrix proliferation. 1 IgAN has been discovered in 40% of renal biopsy specimens acquired from patients with primary glomerulonephritis in China and Japan, 30% in Europe, and 20% in the United States. 2 Approximately one-third of patients with IgAN will experience renal failure in 10 years after diagnosis. 3 In most cases, the cause of IgAN remains unclear. Cases of secondary IgAN have been reported, and underlying environmental triggers are associated with IgAN. Secondary IgAN is most frequently found in patients with liver disease or mucosal inflammation. 4 Generally, IgAN may relapse or be aggravated after an upper respiratory infection or gastrointestinal infection. Tonsillectomy may improve renal function in patients with IgAN. IgA1 is often deposited in the kidney in the form of polymeric IgA1, which is mainly produced by mucosa-localized plasma cells. All of the above-mentioned findings indicate that infection may represent a pathogenic risk factor in IgAN and that antigens of microbial origin may participate in the pathogenesis of IgAN.
Tuberculosis (TB) has plagued people worldwide for thousands of years. Mycobacterium tuberculosis (M. tuberculosis; MTB) is believed to infect one-third of people. During 2007, MTB infection caused an estimated 9.27 million new cases and led to 1.7 million deaths. 5 MTB can infect the urinary tract and typically results in cystitis. However, MTB infection may also be associated with the occurrence of IgAN. 6 Patients can exhibit glomerular disease instead of classic renal TB. 7 Currently, few cases of TB-associated IgAN (TBIgAN) have been reported. Early diagnosis and treatment of TB could assist in reducing the risk of exacerbating infection because immunosuppressive agents are administered for IgAN. This review provides an overview of TB-IgAN.
Pathogenesis of TB-IgAN
The exact pathogenesis of TB-IgAN is not well defined and an appropriate disease model is unavailable. The immune response against MTB has been traditionally considered as cellular immunity. A recent study showed that humoral immunity plays a vital role in the immune response to MTB. 8 Active TB is frequently associated with a substantial increase in serum IgA levels because generation of specific IgA is aimed at the mycobacterial antigen A-60. 9, 10 Circulating immune complexes with IgA and mycobacterial antigens have been separated in serum from patients with TB. 11, 12 Therefore, deposition of these immune complexes in the kidney, activation of the alternative complement pathway, and the lectin pathway can cause IgAN.
cdT cells are the major lymphocyte subsets that regulate and initiate anti-infection immune responses. Another type of cdT cells is distributed in epithelial tissues and these cells become part of intraepithelial lymphocytes (IELs). cdT cells account for 10% to 18% of human intestinal IELs, and these levels reach 25% to 37% in human large intestinal IELs. 13, 14 Fortune et al. 15 showed that the amount of cdT cells in the blood of patients with IgAN was substantially increased, and the proportion of cdT cells was positively correlated with serum IgA levels. B cells differentiate into plasma cells and generate antibodies. Therefore, these cells need costimulation signals, which result from the reciprocal influence between CD40L on activated T cells and CD40 on B cells, and stimulation by activated T cell-secreted transforming growth factor b1 (TGFb1). 16 Toyabe et al. 17 reported that cdT cells isolated from patients with IgAN secrete greater amounts of TGF-b1 compared with cdT cells isolated from healthy individuals. Stable TGF-b1 can be detected in the supernatants of proliferating cdT cells, peripheral blood mononuclear cells (PBMCs), and cdT-depleted PBMC cultures. 18 Murakami et al. 19 reported that TGF-b1 levels in plasma, serum, and urine of patients with IgAN were increased compared with patients who had IgA-negative mesangial proliferative glomerulonephritis. Lai et al. 20 noted that TGF-b1 mRNA expression specifically in CD4 þ cells of patients with IgAN was higher compared with that in healthy controls and patients who experienced other chronic forms of nephritis. TGF-b1 mRNA in CD4 þ cells correlated with serum IgA levels. Bucket et al. 21 used antibody immobilization to amplify cdT cells by activating anti-human CD3 monoclonal antibodies to produce a large amount of TGF-b1 in in vitro cultures. Activated cdT cells are an important factor involved in increased TGF-b1 levels in peripheral blood. Pathogenic microorganism infection increases cdT cell proliferation and cellular secretion of TGF-b1. High TGF-b1 levels stimulate plasma cells to produce a large amount of IgA, which can result in IgAN.
Patients with TB show a significant increase in cdT cell numbers at the infected site(s). 22 Furthermore, a significant memory response occurs after re-infection. 23 Natural or synthetic phosphate antigen produced in the body of patients with TB can activate cdT cells and cause them to proliferate. 24, 25 Dieli et al. 26 co-cultured PBMCs that were extracted from M. bovis-infected calves and the purified antigen of M. bovis for 24 hours, and found that most of the cdT cells were activated. Additionally, this activation was significant for 7 consecutive days. In contrast, only a small proportion of abT cells was activated, and the degree of activation was gradually reduced. Dieli et al. 26 also reported that children with positive purified protein derivative (PPD) skin tests showed strong Vc9/Vd2 T cell proliferation in vivo under stimulation of different phosphate antibodies. This occurred regardless of whether they were healthy children or paediatric patients with different clinical types of TB. Additionally, weak Vc9/Vd2 T cell proliferation was noted in healthy children with negative PPD skin tests. This finding suggests that cdT cells have a close relationship with immunity against TB. Therefore, the low molecular peptide antigen of MTB can stimulate cdT cell activation and proliferation on the human mucosal surface to secrete a large amount of TGF-b1. 24, 25 High TGF-b1 levels stimulate B cells to differentiate into plasma cells. These plasma cells subsequently produce defective IgA1 17, 20, 27 and promote IgA1 deposition in the mesangial areas to cause IgAN (Figure 1) .
Early secreted antigenic target of 6 kDa (ESAT-6) of MTB is a T cell antigen and a promising vaccine candidate. 28 ESAT-6 is commonly used as a diagnostic reagent to distinguish MTB infection from previous Bacille Calmette Guerin vaccination. 29 ESAT-6 is also associated with the virulence and pathogenicity of MTB.
28
Because ESAT-6 can bind to laminin, leading to lysis of alveolar epithelial cells, ESAT-6 may play a crucial role in the dissemination of MTB.
30 ESAT-6 also modulates cytokine production by immune cells, including inducing interleukin-1 secretion by macrophages 31 and preventing interferon-c generation by T-cells. 32 Gao et al. 33 showed that ESAT-6 could lead to renal injury.
Manifestations of TB-IgAN
Classical renal TB is characterized by malaise, weight loss, and urinary symptoms, such as frequency, urgency, and flank pain. Radiological imaging of renal TB typically shows a unilateral destructive process involving the cortex and medulla with scarring, calcification, and even papillary necrosis. By contrast, the clinical manifestation of TB-IgAN is atypical and nonspecific. TB-IgAN typically presents as active TB in the lungs and other organs before any symptoms of kidney diseases are observed. Local urinary symptoms are uncommon. Most patients TB-IgAN with may present with systemic symptoms, such as fever, weight loss, and anorexia. Haematuria and culture-negative pyuria may be noted during urine analysis. 6 Although some TB-IgAN cases have been documented in the English language literature, [34] [35] [36] [37] [38] [39] [40] [41] [42] a greater understanding of the clinical characteristics of TB-IgAN is necessary to raise awareness and improve disease treatment. As shown in Table 1 , the clinical manifestations of TB-IgAN are atypical and nonspecific. Among the nine reported cases of TB-IgAN, one of the patients died. 42 Among the eight patients who survived, seven cases were in adults, and one case was in a child. Six of the patients were males, and two were females. TB-IgAN presented as active TB in the lungs and other organs before any symptoms of kidney diseases were noted. Two patients had disseminated TB, five had pulmonary TB, and one case had lymphoid TB and cutaneous TB. The majority of patients presented with oedema, proteinuria, and hypertension, but some patients had advanced renal failure instead of classic renal TB symptoms.
Seven patients had nonspecific extrarenal manifestations, such as fever, weight loss, and cough. Haematuria was identified in all of the patients. Other presentations included nephrotic proteinuria in four patients, microscopic haematuria in five, macroscopic haematuria in one, oliguria in two, acute renal failure in two, oedema in one, and hypertension in one. Renal biopsy was performed in all of the patients, but the pathological change was similar to primary IgAN. Unfortunately, tests to detect MTB antigens were not performed on the biopsy samples.
Diagnosis and differential diagnosis of TB-IgAN
TB-IgAN is difficult to diagnose because of its non-specific symptoms and insidious onset. Early diagnosis of TB-IgAN is important because numerous patients do not receive an appropriate diagnosis of TB-IgAN and are diagnosed with primary IgAN instead. This condition should be highly suspected in patients with the following features: glomerulonephritis along with a history of TB, a strong positive result on a tuberculin PPD skin test, a positive result with a TB antigen assay, and a pathological diagnosis of IgAN. According to a previous study, 43 patients who meet the following criteria can be diagnosed with TB-IgAN: (1) evidence of MTB infection, (2) elevated serum levels of a specific circulating immune complex in TB and reduced serum complement component 3 levels, (3) clinical manifestation of renal involvement, (4) renal pathological changes that are consistent with IgAN and exclude renal TB, (5) exclusion of secondary IgAN, and (6) MTB-specific antigen deposition in renal tissues.
Renal biopsy is important for obtaining an accurate diagnosis of TB-IgAN. However, no pathogenic features are observed on a renal biopsy. The final diagnosis of TB-IgAN is based on positive detection of MTB in the urine or kidney; however, finding evidence of MTB infection remains a challenge. Previously, a urine culture that was positive for MTB was thought to be the gold standard for diagnosing renal TB, but this method takes a long time to confirm the diagnosis. Most samples do not show visible colonies of MTB for at least 1 month, thus delaying the diagnosis. Some evaluations have demonstrated that the specificity of polymerase chain reaction in diagnosing MTB is substantially greater than with a urine MTB culture, with decreased rates of false-positive and falsenegative outcomes. MTB DNA detected by polymerase chain reaction in renal biopsy specimens has a considerably increased positive rate compared with that found with urine culture. 43 Therefore, MTB DNA detection in renal biopsy tissues could be used to verify the diagnosis of TB-IgAN. A current study also showed that ESAT-6 could assist in the early diagnosis of IgAN caused by MTB infection. 28, 44 However, a patient's favourable response to anti-TB therapy may also demonstrate a cause-andeffect relationship between IgAN and TB.
Treatment of TB-IgAN
As shown in Table 1 , kidney damage in patients with TB-IgAN is alleviated to varying degrees after anti-TB therapy. Anti-TB drugs, which decrease the mycobacterial load from the circulation, may reduce the antigen load, and consequently reduce immune complex formation. There is no consensus whether to administer glucocorticoids and/or immunosuppressive therapy to patients who do not respond to anti-TB therapy. Patients with manifestations of nephrotic syndrome can be treated with small doses of glucocorticoids to alleviate allergies associated with TB. However, physicians should avoid glucocorticoids alone, which facilitate the spread of TB. These patients require long-term follow-up to monitor renal disease recurrence.
Conclusions
TB is a rare cause of IgAN. TB-IgAN may be misdiagnosed as primary IgAN because of nonspecific manifestations. Haematuria and proteinuria in patients with TB should be investigated for the potential diagnosis of IgAN. A renal biopsy is important in obtaining an accurate diagnosis before initiating treatment. Detection of MTB DNA and assessment of ESAT-6 in renal biopsy tissues may be of possible diagnostic value in patients with TB-IgAN. Anti-TB therapy can effectively alleviate TB and TB-IgAN; however, IgAN is rare in patients with TB. The pathogenesis of TB-IgAN needs further research to improve our understanding of this rare complication of TB.
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